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SPECIFICATION 



TITLE OF THE INVENTION 

PRESSURE DEVICE 

TECHNICAL FIELD 

[0001] The present invention relates to a pressure device for 
linearly reciprocating a pressure rod by fluid pressure such as 
compressed air. 

BACKGROUND ART 

[0002] Devices for applying pressure to an object to be 

pressurized via a pressure rod include a device that carries out 
pressurization by converting fluid energy such as compressed air 
into linear motion of the pressure rod. Generally, such a 
pressure device is called a fluid pressure cylinder. The basic 
structure thereof comprises a cylinder tube in which a piston is 
housed to be reciprocable axially, end covers provided at both 
ends of the cylinder tube, and a pressure rod protruding from an 
end of a cylinder body formed by the cylinder tube and the end 
covers. The pressure rod is attached to the piston, and when 
fluid pressure is supplied to a pressure chamber formed in the 
cylinder body, the piston and the pressure rod are driven axially. 
[0003] Among fluid pressure cylinders, a fluid pressure 
cylinder of a type in which pressure chambers are formed on both 
sides of the piston and advance movement and retraction movement 
of the pressure rod are performed by fluid pressure is called a 
double acting type, and the type in which one of the advance 
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movement and the retraction movement is carried out by the fluid 
pressure and the other is carried out by an external force such as 
a spring force is called a single acting type. There are the 
cases where compressed air is used as the fluid energy for driving 
the piston, and where liquid such as working oil is used. In 
order to ensure airtightness between an outer circumferential 
surface of the piston and an inner circumferential surface of the 
cylinder tube, a sealing member such as an O ring or a packing is 
attached to an outer circumference of the piston. 
[0004] In such a fluid pressure cylinder, when the piston and 

the pressure rod are reciprocated in a vertical direction or an 
inclined direction to apply pressure to an object, weight of the 
piston and the pressure rod acts on the object. Moreover, along 
with the reciprocation of the piston and the pressure rod, sliding 
friction is caused between the sealing member attached for 
enhancing the airtightness and the inner circiomferential surface 
of the cylinder tube- When the object to be pressurized is 
intended to be subjected to a predetermined pressure thrust, the 
gravity and the friction resistance force working on the piston 
and the pressure rod become disturbance with respect to a target 
value and make it difficult to control the pressure thrust. 
Particularly, in a pneumatic cylinder operated by lower pressure 
than that in a hydraulic cylinder, an influence of the friction 
resistance of the sealing member becomes relatively large and, as 
a result, it becomes difficult to control the pressure thrust with 
high accuracy - 

[0005] In order to achieve high accuracy of the manufacture 

products at, for example, production sites of precision 
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apparatuses^ a dust-free room (clean room) , in which particles and 
aerosols floating in air are controlled at predetermined values or 
less, is used sometimes. If a conventional fluid pressure 
cylinder is used in the dust-free room, the sliding friction is 
generated and further a portion of the sealing member, which is in 
slidable contact with the piston or pressure rod, is peeled and 
floats, thereby becoming cause of dust, so that it is difficult to 
make management of the dust- free room. 

[0006] An object of the present invention is to provide a 
pressure device capable of controlling the pressure thrust with 
high accuracy. 

[0007] Another object of the present invention is to provide a 
pressure device for preventing dust generated in the device from 
being dispersed to the outside. 



DISCIiOSURE OF THE INVENTION 
[0008] A pressure device according to the present invention is 
one attached to an actuator and applying pressure to an object to 
be pressurized and comprises: a cylinder body, to one end of which 
an attachment of said actuator is attached and to the other end of 
which a through hole communicating with a housing chamber formed 
therein is provided; a pressure rod axially reciprocably attached 
to ^aid cylinder body and provided, at one end of the pressure rod, 
with a pressure end protruding from said through hole; a 
reciprocating body provided at the other end of said pressure rod 
and having a diameter smaller than that of an inner 
circumferential surface of said housing chamber, which is 
reciprocably housed in said housing chamber; and an advance 
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pressure diaphragm provided between said reciprocating body and 
said cylinder body and partitioning and forming an advance 
pressure chamber for applying a pressure thrust toward said object 
to be pressurized. 

[0009] The pressure device according to the present invention 
comprises a weight offset pressure diaphragm provided between said 
reciprocating body and said cylinder body, and partitioning and 
forming a weight offset pressure chamber for applying a weight 
offset thrust in a direction opposite to said pressure thrust. 
[0010] The pressure device according to the present invention 

comprises an offset load adjusting diaphragm provided between said 
reciprocating body and said cylinder body, partitioning and 
forming said weight offset pressure chamber along with said weight 
offset pressure diaphragm, and blocking off the weight offset 
pressure chamber and an ambient-air pressure chamber. 
[0011] The pressure device according to the present invention 

is such that said reciprocating body and said pressure rod are 
disposed so that said pressure rod is directed vertically 
downwardly, and said weight offset pressure chamber is filled with 
compressed fluid that is set at fluid pressure capable of 
retaining said reciprocating body in a state in which said 
reciprocating body is out of contact with any of inner wall 
surfaces of said cylinder body. 

[0012] The pressure device according to the present invention 
is such that a dust collecting port is fonried in said cylinder 
body. 

[0013] The pressure device according to the present invention 
is such that said pressure rod is out of contact with said through 
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hole. 

[0014] According to the present invention, since the weight 
offset pressure chamber partitioned and formed by the weight 
offset pressure diaphragm is filled with compressed fluid, it is 
possible to apply a weight offset thrust and offset the self 
weight of the reciprocating body and the pressure rod. In 
addition thereto, by supplying the predetermined compressed fluid 
to the advance pressure chamber, the pressure thrust can be 
controlled with high accuracy. 

[0015] When pressure is applied horizontally to the object to 

be pressurized, the predetermined pressure thrust can be applied 
to the object to be pressurized by not forming the weight offset 
pressure chamber but supplying the compressed fluid to the advance 
pressure chamber . 

[0016] Since the respective pressure chambers are partitioned 

and formed by using rolling diaphragms, an occurrence of sliding 
friction due to reciprocation of the reciprocating body can be 
suppressed. 

[0017] An advance port communicating with the advance pressure 
chamber and a weight offset port communicating with the weight 

offset pressure chamber are provided in separated systems, so that 
the pressure thrust and the weight offset thrust can be 
independently set. 

[0018] When the rolling diaphragm is used, the following 
features can be further utilized. That is, hysteresis loss is 
remarkably small and life of the diaphragm is long since the 
folded portion rolls; the effective pressure-receiving area is 
kept constant throughout the entire stroke; the pressure device 
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can be designed for minute pressure (water column: 25 mm) to high 
pressure (100 kg/crv?) since the folded portion is narrows- 
calculation of the pressure thrust can be simplified since there 
is no spring rigidity; no particular attention has to be paid to 
surface finishing^ a material, and hardness, etc. of the 
reciprocating body or cylinder since the diaphragm rolls; and 
there is an automatic centripetal effect even when slight 
eccentricity or declination is caused in the reciprocating body 
(when the reciprocating body is moved to one side, a restoring 
force acts thereon and the reciprocating body is returned to a 
central line) . 

[0019] Since the dust collecting port is provided to the 

cylinder body, the dust generated in the cylinder body due to the 
sliding motion can be prevented from being dispersed to the 
outside. 

[0020] The pressure device can be attached to various 

actuators regardless of a moving method, a moving distance, and a 
moving direction. Since an object of the actuator is to move the 
pressure device to a predetermined position, an occurrence of 
sliding fiction is also permissible, so that a general-purpose 
actuator using a sealing member can be utilized, which results in 
the reduction of costs. 

[0021] Since the pressure device is moved by the actuator, the 

stroke of the reciprocating body provided in the pressure device 
can be set short, whereby the life of the diaphragm is extended. 
[0022] An object of the pressure device is to apply pressure 
to the object to be pressurized, and it is not required to provide 
the spring for return, whereby the number of parts can be reduced. 



6 



[0023] Various attachments can be attached to the pressure rod, 
whereby a wide range of use may be found within the scope of not 
departing from the gist of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0024] FIG. lA is a perspective view showing a state in which 

a pressure device that is a first embodiment of the present 
invention is attached to a fluid pressure cylinder. 
[0025] FIG." IB is a vertical cross-sectional view in a 

direction along the line a-a in FIG. lA. 

[0026] FIG. 2 is a vertical cross sectional view enlarging and 

showing a portion of FIG. 1. 

[0027] FIG. 3A is a perspective view showing a state in which 

a pressure device which is another embodiment of the present 
invention is attached to the fluid pressure cylinder. 

[0028] FIG. 3B is a vertical cross-sectional view in a 

direction along the line b-b in FIG. 3A. 

[0029] FIG. 4A is a perspective view showing a state in which 

a pressure device which is further another embodiment of the 
present invention is attached to the fluid pressure cylinder. 
[0030] FIG. 4B is a vertical cross-sectional view in a 

direction along the line c-c in FIG. 4A. 

[0031] FIG. 5 is a perspective view showing a pressure device 

which is further another embodiment of the present invention . 

BEST MODE FOR CARRYING OUT THE INVENTION 
[0032] Hereinafter, embodiments of the present invention will 

be detailed based on the drawings. 
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[0033] FIG. lA is a perspective view showing a state in which 

a pressure device that is a first embodiment of the present 
invention is attached to a fluid pressure cylinder. FIG. IB is a 
vertical cross-sectional view in a direction along the line a-a in 
FIG. lA. In this pressure device 1, compressed air is used as 
working fluid, and a cylinder assembly, i.e., a cylinder body 6 is 
constituted by two cylinder rings 2 and 3, an end cover 4 serving 
as a head cover provided at one end, and an end cover 5 serving as 
a rod cover provided at the other end. In order to form the 
cylinder body 6, screw coupling portions 7 to 9 are respectively 
formed on outer circumferential surfaces of the cylinder rings 2 
and 3 and inner circumferential surfaces of the end covers 4 and 5. 
Note that the cylinder rings 2 and 3 and the end covers 4 and 5 
may be respectively coupled by caulking or coupled by use of screw 
members instead of being screw-coupled. 

[0034] In the case shown in FIG. IB, although an actuator 

attaching portion 4a and a pressure-chamber forming portion 4b of 
the end cover 4 are integrated, these may be assembled as separate 
members by a connection means such as screw connection. Although 
the cylinder rings 2 and 3 are formed by cylindrical members whose 
thicknesses are entirely uniform in a circumferential direction, 
the cylinder rings 2 and 3 may be formed by quadrangular prism 
members . 

[0035] An actuator attaching hole 4c in which a screw coupling 
portion is provided is formed in the attaching portion 4a of the 
end cover 4, and a piston rod 11 of a fluid pressure cylinder 10 
serving as an actuator is attached into the attaching hole 4c. 
When an unshown piston incorporated in the fluid pressure cylinder 
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10 is reciprocated, the pressure device 1 is linearly reciprocated 
within a range of a predetermined stroke. Note that as the 
actuator for moving the pressure device 1, various actuators may 
be employed, that is, a hydraulic/pneumatic actuator or an 
electric actuator may be employed or an actuator for performing 
any of linear motion, swing motion, and rotary motion may be 
employed. The illustrated piston rod 11 is a so-called square rod. 
However, instead of that, a pressure rod with a circular cross 
section may be employed or a rodless cylinder may be employed. 
[0036] A cylindrical housing chamber is formed at an interior 

of the cylinder body 6 and, in the interior of the housing chamber, 
a reciprocating body 12 with a diameter smaller than that of an 
inner circumferential surface of the housing chamber is housed so 
as to be reciprocable axially. The reciprocating body 12 
comprises a disk-like advance pressure-receiving member 13, a rod 
collar 14, a weight offset pressure-receiving member 15, and an 
advance-limit restriction member 16, at each center portion of 
which an unshown pressure rod through-hole is formed. In addition, 
an advance pressure diaphragm 17 is sandwiched between the advance 
pressure-receiving member 13 and the rod collar 14, a weight 
offset pressure diaphragm 18 is sandwiched between the rod collar 
14 and the weight offset pressure-receiving member 15, and an 
offset load adjusting diaphragm 19 is sandwiched between the 
weight offset pressure-receiving member 15 and the advance-limit 
restriction member 16. As the diaphragms 17 to 19, bellofram type 
diaphragms in each of which a pressure rod through-hole is formed 
at a center portion thereof are employed. 

[0037] The diaphragm is a cylindrical thin-film part that has 
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a long stroke and a deep folded portion and in which an effective 
pressure-receiving area thereof is kept constant during actuation, 
wherein an actuated film portion is designed to be extremely thin 
and has a structure coated with rubber on a strong polyester cloth 
etc. Since a plurality of pressure chambers are partitioned and 
formed, the folded portion is provided between the reciprocating 
body 12 and the cylinder and used, so that when different 
pressures are supplied to the pressure chambers, the folded 
portion is elastically deformed and thereby pressure differential 
can be converted into positional displacement. Particularly, the 
bellofram type diaphragm is. also called as a rolling diaphragm, 
and has a feature capable of being used with no lubrication and 
without being slid by rolling the folded portion provided in a gap 
between the reciprocating body and the cylinder. 
[0038] An outer diameter of the advance pressure-receiving 
member 13 is equal to that of the rod collar 14,. and an outer 
diameter of the advance-limit restriction member 16 is smaller 
than that of the advance pressure-receiving member 13. An outer 
diameter of the weight offset pressure-receiving member 15 changes 
stepwise, and comprises a large-diameter portion 15a disposed on a 
side of a rod collar 14 and having a diameter equal to that of the 
rod collar 14, and a small-diameter portion 15b disposed on a side 
of the advance-limit restriction member 16 and having a diameter 
equal to that of the advance-limit restriction member 16. In 
order that the advance pressure-receiving member 13 is disposed on 
a side of a base end 20a of the pressure rod 20 and the advance- 
limit restriction member 16 is disposed on a side of a pressure 
end 20b of the pressure rod 20, these members are sequentially 
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inserted from the side of the base end 20a having a diameter 
smaller than that of the pressure end 20b and fastened by a nut 21. 
[0039] FIG. 2 is a vertical cross-sectional view enlarging and 

showing a portion of FIG. 1. The advance pressure diaphragm 17 
has a central portion 17a sandwiched between the advance pressure- 
receiving member 13 and the rod collar 14, a flange portion 17b 
sandwiched between the cylinder ring 2 and the end cover 4, and a 
cylindrical portion 17c disposed between the inner circumferential 
surface of the cylinder ring 2 and the outer circumferential 
surface of the rod collar 14 and having an inner/outer double 
structure via the folded portion. The weight offset pressure 
diaphragm 18 has a central portion 18a sandwiched between the rod 
collar 14 and the weight offset pressure-receiving member 15, a 
flange portion 18b sandwiched between the cylinder ring 2 and the 
cylinder ring 3, and a cylindrical portion 18c disposed between 
the inner circumferential surface of the cylinder ring 2 and the 
outer circumferential surface of the rod collar 14 and having an 
inner /outer double structure via the folded portion. The offset 
load adjusting diaphragm 19 has a central portion 19a sandwiched 
between the weight offset pressure-receiving member 15 and the 
advance-limit restriction member 16, a flange portion 19b 
sandwiched between the cylinder ring 3 and the end cover 5, and a 
cylindrical portion 19c disposed between the inner circumferential 
surface of the end cover 5 and the outer circumferential surface 
of the advance-limit restriction member 16 and having an 
inner /outer double structure via the folded portion. 
[0040] The folded portions of the cylindrical portions 17c and 

19c are provided on the side of the pressure end 20b and the 
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folded portion of the cylindrical portion 18c is provided on the 
side of the base end 20a, so that even when compressed fluid is 
supplied to interiors of the pressure chambers, the folded 
portions are not reversed and entangled. Note that the respective 
diaphragms 17 to 19 can also be more firmly sandwiched by, as 
shown by broken lines in FIG. 2, forming annular grooves in the 
end cover 5 and the cylinder ring 2 and concurrently providing 
beads 22 to 24, which are to be engaged with the annular grooves, 
to the flange portions 17b, 18b, and 19b. 

[0041] A stopper surface 25 for restricting a retraction- 
directional stroke of the reciprocating body 12 is formed on the 
end cover 4, and a stopper surface 26 for restricting an advance- 
directional stroke of the reciprocating body 12 is formed on the 
end cover 5. When the reciprocating body 12 reciprocates within a 
range of those strokes, the folded portions of the respective 
diaphragms 17 to 19 smoothly roll, whereby a constant effective 
pressure-receiving area is maintained and no sliding resistance is 
generated and further consideration to a change in repulsive 
forces is not required since spring rigidity is also constant, so 
that simplification of calculation of the pressure thrust can be 
achieved. 

[0042] In the interior of the cylinder body 6, an advance 

pressure chamber 27 is partitioned and formed by the end cover 4, 
the cylinder ring 2, the advance pressure-receiving member 13, and 
the advance pressure diaphragm 17 . An advance supply/exhaust port 
28 communicating with the advance pressure chamber 27 is formed in 
the end cover 4, so that an advance-directional pressure thrust 
acts on the reciprocating body 12 in accordance with the amplitude 
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of fluid pressure PI supplied to the advance pressure chamber 27 
via the advance supply /exhaust port 28. 

[0043] In addition, in the interior of the cylinder body 6, a 

weight offset pressure chamber 29 is partitioned and formed by the 
cylinder ring 3, the weight offset pressure-receiving member 15, 
the weight offset pressure diaphragm 18, and the offset load 
adjusting diaphragm 19. A weight offset supply/exhaust port 30 
communicating with the weight offset pressure chamber 29 is formed 
in the cylinder ring 3, so that a retraction-directional weight 
offset thrust acts on the reciprocating body 12 in accordance with 
the amplitude of fluid pressure P2 supplied to the weight offset 
pressure chamber 29 via the weight offset supply/exhaust port 30. 

[0044] Furthermore, in the interior of the cylinder body 6, an 

ambient-air pressure chamber 33 is partitioned and formed by the 
end cover 5, the advance-limit restriction member 16, and the 
offset load adjusting diaphragm 19, and an ambient-air pressure 
port 34 communicating with the ambient-air pressure chamber 33 is 
formed in the end cover 5. The ambient-air pressure port 34 is a 
so-called ventilation hole which can improve a pressure response 
of the reciprocating body 12. Similarly thereto, a ventilation 
hole 36 is also formed for a space 35 partitioned and foinned by 
the advance pressure diaphragm 17 and the weight offset pressure 
diaphragm 18. Note that since unshown air-intake nozzles are 
attached to the ambient-air pressure port 34 and the ventilation 
hole 36, each of the ambient-air pressure port 34 and the 
ventilation hole 36 can be used as dust-collecting ports for 
sucking and removing the dust generated in the pressure device 1. 
[0045] A through hole 37 communicating with the housing 
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chamber is formed in the end cover 5. The pressure rod 20, to the 
pressure end 20b of which an attachment 38 is attached and to the 
base end 20a of which the reciprocating body 12 is attached, is 
reciprocably inserted in the through hole 37 . In a conventional 
commonly used fluid pressure cylinder, a sealing member such as a 
packing is used in the through hole into which the pressure rod is 
inserted. However, in the pressure device 1, no sealing member is 
attached to the through hole 37. The through hole 37 communicates 
with the ambient-air pressure chamber 33 which does not require 
ensuring airtightness, and no sliding friction is generated 
between the through hole and the reciprocating pressure rod 20. 
[0046] Therefore, when the pressure device 1 is disposed so 

that the pressure end 20a of the pressure rod 20 is directed 
vertically downwardly, a gap with a predetermined distance is 
formed between the pressure rod 20 and the through hole 37, so 
that the pressure rod 20 does not come into contact with the 
through hole 37 and generates no sliding friction when the 
pressure rod 20 reciprocates. At this time, if the weight offset 
pressure chamber 29 is filled with the predetermined fluid 
pressure P2, vertically upward weight offset thrusts against the 
self weight of the reciprocating body 12 and the pressure rod 20 
are applied to the reciprocating body 12, so that the 
reciprocating body 12 can be maintained in a state of being out of 
contact with any of inner wall surfaces of the cylinder body 6. 
When the reciprocating body 12 is caused to be in such a floating 
state, the predetermined pressure thrust can be applied to an 
object to be pressurized W by supplying the predetermined fluid 
pressure PI to the advance pressure chamber 27 and by eliminating 
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influences of the gravity working on the reciprocating body 12 and 
the pressure rod 20. If the reciprocating body 12 is in the 
floating state, a vertical-directional error between the pressure 
device 1 and the object to be pressurized e.g., variation in 
the thickness of the object to be pressurized W is permissible. 
[0047] When the pressure thrust against the object to be 
pressurized W is set small, installation of the weight offset 
pressure diaphragm 18 can be omitted. FIG. 3A is a perspective 
view" showing a state in which a pressure device which is another 
embodiment of the present invention is attached to the fluid 
pressure cylinder, and FIG. 3B is a vertical cross-sectional view 
in a direction along the line b-b in FIG. 3A. Note that members 
in common with the members in the above-described embodiment are 
denoted by the same reference numerals. 

[0048] When the pressure thrust toward the object to be 

pressurized W, i.e., the fluid pressure PI supplied to the advance 
pressure chamber 27 is set small, the folded portion of the 
advance pressure diaphragm 17 is not reversed by counter pressure 
acted thereon. Therefore, by omitting the weight offset pressure 
diaphragm 18 and by disposing the folded portion of the advance 
pressure diaphragm 17 toward the side of the advance pressure 
chamber 27 in which supplied pressure is relatively low, the 
number of parts can be reduced without impairing the effects of 
the present invention. The formation of the ventilation hole 36 
is also not required, which results in reduction of processing 
costs. Note that as a modification example of the shape of the 
advance pressure-receiving member 13, as shown in FIG. 3B, a 
central portion of the advance pressure-receiving member 13 may be 
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processed to be a concave shape so that the nut 21 is housed 
therein. 

[0049] The pressure device 1 can be horizontally disposed and 

used. In this case, provision of the weight offset pressure 
chamber 29 is not required. FIG. 4A is a perspective view showing 
a state in which a pressure device which is further another 
embodiment of the present invention is attached to the fluid 
pressure cylinder, and FIG. 4B is a vertical cross-sectional view 
in a direction along the line c-c in FIG. 4A. Note that members 
in common with the members in the above-described embodiments are 
denoted by the same reference numerals. 

[0050] When pressure is horizontally applied to the object to 

be pressurized W, the pressure device Ic is also disposed 
horizontally and the self weight of the reciprocating body 12 and 
the pressure rod 20 does not directly affect the pressure thrust. 
Therefore, the respective members, i.e., the rod collar 14, the 
weight offset pressure-receiving member 15, the weight offset 
pressure diaphragm 18, and the offset load adjusting diaphragm 19, 
which constitute the weight offset pressure chamber 29, are 
omitted, whereby the reduction of the number of parts can be 
achieved. Forming the weight offset supply/discharge port 30 and 
the ventilation hole 36 is not required, which results in the 
reduction of the processing costs. 

[0051] By use of the pressure device 1, the pressure thrust 

can be caused to act on the object to be pressurized W with high 
accuracy, so that, for example, it can be used for applying the 
constant pressure to a squeegee head in screen printing. In 
screen printing, a rubber squeegee is used to press ink through a 
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mesh such as a silk screen, a paint screen, or a stencil screen 
onto paper or cloth. However, the pressure devices 1, lb, and Ic 
of the present invention can be used for driving the squeegee. In 
addition, the present invention can be applied to any cases as 
long as an object is moved by a predetermined stroke and 
thereafter a constant pressure thrust is applied to the object 
similarly to, for example, a chip mounter for mounting 
semiconductor chips on a mounting board or to a tension roller of 
a coiling device. 

[0052] Needless to say, the present invention is not limited 

to the above-mentioned embodiments and can be variously modified 
within the scope of not departing from the gist thereof. For 
example, in the above-described embodiments, the reciprocating 
body 12 is driven by the compressed air. However, hydraulic 
pressure may be used as a driving medium. As shown in FIG. 5, the 
pressure device 1 may be attached to an electric actuator 39, and 
its attaching position is not limited to that in the case of being 
linearly connected. The piston rod of the actuator may be 
attached to a circumferential side surface of the pressure device 
1. A position detection sensor 40 may be incorporated for 
accurately conveying the pressure device 1 to a predetermined 
position. 

INDUSTRIAL APPLICABILITY 
[0053] This pressure device can be used to apply constant 

pressure to the squeegee head in screen printing. Also, the 
pressure device can be utilized in the chip mounter for mounting 
the semiconductor chips on the mounting board and in the tension 
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roller of the coiling device, by replacing the attachment attached 
to the pressure end of the pressure rod. 
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